.
Supplementary Methods
Materials. LIC-qualified T4 DNA polymerase was purchased from Novagen. Nucleotide triphosphates, SspI restriction enzyme, Purelink Hipure Plasmid MiniPrep Kit and Expressway Maxi Cell-Free E. coli Expression System were purchased from Invitrogen.
Monoclonal anti-polyhistidine antibody (mouse) was purchased from Sigma-Aldrich.
Anti-mouse IgG horseradish peroxidase antibody and ECL Plus western blotting detection reagents were purchased from GE Healthcare. Ni-NTA agarose resin was purchased from Qiagen. BioGel P-2 Gel was purchased from Bio-Rad. All the nucleotide sugar donors and other chemicals were purchased from Sigma-Aldrich and used without further purification. Oligosaccharides Gal-1,4GlcNAc-Sp, GalNAc-1,4GlcNAc-Sp, 
Preparation of Acceptors 8-11
The syntheses of the thiol-terminated disaccharides followed procedures described in previous reports [4] [5] [6] [7] . Briefly, the partially protected monosaccharide acceptors (0.5 mmol each) were glycosylated by reacting with peracetylated monosaccharide trichloroacetimidates (0.6 mmol) (Supplementary Table 1 ) and a catalytic amount of TMSOTf (0.05 mmol). The resulting protected disaccharides were joined with the thiol linker and then fully deprotected with sodium methoxide (1.5 mmol). The synthesis of acceptor 9 is shown in detail as an example in Supplementary Figure 2 . Overall yield:
8. 53 mg (0.12 mmol); 9. 56 mg (0.13 mol); 10. 47 mg (0.10 mol); 11. 66 mg (0.16 mmol). Proton NMR showed that the all new glycosidic linkages assumed the  conformation. Literature procedures 2, 3, 6, 8 were followed with minor modifications to prepare the two trisaccharides ( Supplementary Fig. 3 ). Briefly, azide-terminated lactose (0.02 mmol), which was prepared as previously reported 8 , was dissolved in an aqueous buffer (TrisHCl 50 mM, MnCl 2 10 mM, pH 8.0, 2 mL) to which was added the donor (0.022 mmol, UDP-Gal for 12 or UDP-GlcNAc for 13) and α1,3-galactosyltransferase (100 µg for 12)
or Neisseria meningitidis β1,3-N-acetylglucosaminyltransferase (LgtA, 80 µg for 13).
The reactions were incubated at 37 
Preparation of Acceptors 18-24
The oligo(ethylene glycol) linkers 25 and 26, and peracetylated monosaccharide trichloroacetimidates were prepared according to previous procedures 7 . The preparation of the carbohydrate terminated alkyl disulfides 18-24 was adapted from previous reports 4, 7 ( Supplementary Fig. 4) . Aqueous HCl (37 % by weight) was added to the reaction mixture to adjust the pH to a value of 7. The volume of the reaction was reduced under vacuum and the products were purified by silica gel chromatography using dichloromethane/methanol = 4:1 (v:v) as the mobile phase. Proton NMR showed that all the products assumed the  conformation at the glycosidic linkage. were machined to have a 24 x 16 array of circular holes 2 mm in diameter. The clean metal slides were covered with the stencils to allow the circular regions of the glass to be exposed to the evaporator. Titanium (5 nm) and gold (50 nm) were evaporated at a rate of 0.05-0.10 nm s -1 and at a pressure of 5.0 × 10 -7 Torr. Three different strategies were applied to make the carbohydrate terminated SAMs (Supplementary Fig. 5 ). In the first strategy, the oligosaccharide-terminated disulfide was mixed with a tri(ethylene glycol)-terminated disulfide in a ratio of 1:4 at a total concentration of disulfides of 1 mM in ethanol ( Supplementary Fig. 5a ). The gold-coated plates were immersed in this solution were quenched by boiling for 1 min, and the insoluble residue was removed by centrifugation. The resulting supernatant was applied to a Bio-Gel P2 column using water as the mobile phase. The fractions containing the desired product were pooled, lyophilized, and subjected to NMR analysis. The yield for each glycosylation reaction is summarized in Supplementary Table 3 intensities. The differences between the known ratio and the ratio measured by SAMDI were plotted in R console (www.r-project.org) as a residue plot (Supplementary Fig.   10a ). The plots were randomly scattered above and below the line y = 0. The y axis corresponded to the difference between the two ratios and y = 0 meant that there was no average difference between the two ratios. Furthermore, a one-sample student t test was performed on R and showed that the data were not different at the 95 % confidence interval (Supplementary Fig. 10b ). For the kinetic measurements, we determined the Supplementary Fig. 6a ). The reaction mixture included Tris-HCl (50 mM, pH 8.0), the divalent metal ion (10 mM) and UDP-GalNAc (5 mM The assays for BF0614 were performed in solution using a thiol-terminated -GlcNAc (acceptor 3, Supplementary Fig. 6b ) as the acceptor. The reactions were performed in a total volume of 7.5 µL in a cocktail containing Tris-HCl (50 mM, pH 8.0), divalent metal ion (10 mM), -GlcNAc (8.0 mM) and UDP-Gal (2 mM). The final enzyme concentration was 0.6 mg mL -1 . The reactions ran for time intervals ranging from 5 to 90 minutes and were then stopped by adding 1 µL of a solution containing EDTA (100 mM).
Quantification of glycosylation reactions. Azido-lactose and azido-glucose (Supplementary
The reaction mixtures at different time points were transferred to individual maleimideterminated monolayers and incubated at room temperature for 30 min and then analyzed by SAMDI to quantify the reaction yields.
The assays of HD0466 were performed on a -lactose-terminated monolayer (acceptor 25, Supplementary Fig. 6c ). The reactions were performed in the presence of Tris-HCl (50 mM, pH 8.0), divalent metal ion (10 mM) and UDP-GlcNAc (1 mM). The reactions were incubated for time intervals ranging from 3 to 50 minutes and were stopped by rinsing the individual gold substrates with water, followed by ethanol, and drying them under a stream of nitrogen. Afterwards, SAMDI analysis was performed to determine the reaction yields.
The yields for the glycosylation reactions were plotted against time and the linear portion Kinetic studies using radiolabeled donors. The kinetic assays using radiolabeled donors were carried using standard protocols. Briefly, all the reactions were performed at were supplemented with unlabeled donors to achieve a final concentration of 0.3 mM. Table 6. NMR characterization of products synthesized from the new glycosyltransferases.
We characterized the regio-and stereo-specificity of the four GTs using established methods. Each GT was expressed, purified and used in a preparative scale reaction. The disaccharide products were isolated and characterized as summarized below. The spectra for each product also follow. We assigned the stereochemistry of the anomeric linkages based on the coupling constants for the H1-H2 protons. Because the H1 resonance for the acceptor sugar was a mixture of  and  anomers, whereas it was a single form at the donor sugar, we relied on integration of the anomeric protons to identify the resonance for the latter. We used the COSY spectra to identify the resonances for the protons of the carbohydrate rings and we used the HMQC spectra to assign the 13C resonances for the carbohydrate rings. Finally, we used the HMBC spectra to identify the connectivity of the H1 proton of the donor sugar with the carbon atom of the acceptor sugar.
The product of the GT09 catalyzed reaction was assigned to have a 1,4 linkage between the two GlcNAc residues based on the observations summarized below. From the 1 H NMR spectrum, the sum of the intensities of the peaks at 5.17 ppm and 4.68 ppm equals to the intensity of the peak at 4.57 ppm. In addition, the peak at 5.17 ppm has a characteristic coupling constant of 3.0 Hz and the peak at 4.68 ppm has a characteristic coupling constant of around 7.5 Hz, corresponding to the H1 of the  and  stereomers of the GlcNAc at the reducing end, separately H1 and H1. The peak at 4.57 ppm has a coupling constant of 8 Hz, indicating that the GlcNAc at the non-reducing end residue assumes a  configuration. From the COSY spectrum, the signal at the intersection of 3.86 and 5.17 ppm indicates a direct correlation between the two protons, which are linked to two adjacent carbons. Thus H2 of -GlcNAc (H2) was assigned to be at 3.86
ppm. Using this rule, H3 was determined to be at 3.64 ppm from the signal at 3.64-3.85 ppm, and H4 was determined to be at 3.61 ppm from the signal at 3.64-3.61 ppm. The remaining hydrogen peaks were assigned similarly. In the HMQC spectrum, the signal at The product of the GT24 catalyzed reaction was assigned to have a β1,3 linkage between the added GlcNAc residue and the Gal residue based on the observations summarized below. From the comparison of the 1 H spectra of the starting material, lactose, and the product, the chemical shift of H1 of the GlcNAc (H1'') is at 4.68 ppm and the Gal residue (H1') is at 4.43 ppm. The coupling constant for H1'' is around 8 Hz, which implies a β conformation at the glycosidic linkage. From the COSY spectrum, the signal at 4.43 ppm (H1') crosses the peak at 3.58 ppm, which therefore was assigned to Gal H2 (H2').
Accordingly, H3' was determined to be at 3.72 ppm from the signal at 3.58-3.72 ppm, and then H4' was determined to be at 4.15 ppm from the signal at 3.72-4.15 ppm. The remaining hydrogen peaks were assigned in the same way. In the HMQC spectrum, the From the COSY spectrum, the signal at the intersection of 5.15 (H1) and 3.59 ppm indicates a direct correlation between these two peaks, therefore H2 of Glc was assigned to be at 3.59 ppm. Similarly, H3 (Glc) was determined to be at 3.66 ppm from the signal at 3.59-3.66 ppm. The remaining hydrogen peaks were assigned in the same way. In the HMQC spectrum, the signal at 3.66 (H3)-78.8 ppm indicates that the carbon peak at 78.8 ppm is the peak for C3 (Glc). All the rest of the carbon peaks were assigned similarly.
From the HMBC spectrum, the signal at 4.52-78.8 ppm indicates a correlation between the H1' of GalNAc and the C3 of Glc residue.
NMR of the product of the GT80 catalyzed reaction: ppm. Using this rule, H3 (-GlcNAc) is determined to be at 3.87 ppm from the signal at 3.89-3.87 ppm, and H4 (-GlcNAc) is determined to be at 3.71 ppm from the signal at 3.87-3.71 ppm. All the rest of the proton peaks were assigned accordingly. On the HMQC spectrum, the signal at 3.71-78.7 ppm indicates that the carbon peak at 78.7 ppm is the peak for C4 of GlcNAc. All the rest of the carbon peaks were assigned similarly. Figure 7 . The expression of putative GTs in the cell free system. The anti-His western blot crude lysates were shown here to represent the expression level and purity of the proteins. The numbers correspond to the GT number used in Supplementary NMR spectra of the oligosaccharide products produced by the GTs discovered in this work. The enzyme and structure of the product is shown, followed by the spectra of the compound. Data are provided for four enzymes: GT09, GT24, GT80 and GT84. 
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